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This report is limited.both inpropose and scope and is intended simply ‘msummarize data
obtained through a limited testing program conducted by Alcoa, k., under the financial
sponsorship of the Mumtium Associationi, Inc. This study was solely designed to
characterize the performance of a select mumber of protective coatings that can reduce the
potential of molten. metal explosions. It does not purport tc)address all si.tuatiomswhich may
arise under production conditions. No attl~mpthas been made in this report by the Aluminum
Association, its member companies or Alcoa to formulate recommendations or draw any
conclusions concelming the relative explosion avoidmce of the four protective coatings
studied. Accordingly, neither the Mumtium Association, its n~ember companies nor Alcoa
makes any warranty, expressed or implied, or assumes any respomibility or liability, whether
based cmwmaty, contract, neg~gence, strict Iiabi.lity, produci tiability, or otherwise with
respect to use of the data herein.
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During the pernod of 1995 August tiough 1997 March, research contracted by the
Mumtium Asoctition on behalf of a grotIp of sponsoring companies, identtiIed three
alternate coating materials which would be an acceptable replacement for Porter
IntemationN’s 7001 (Tarset Stmdmd]. These coatings were:

1. Wtetiuf 132HS a coal tar qoxy by Clmtatdds
2. Multi-Gmd 955(Y a 100% solid epoxy by Cmbohe
3. W&eChem E-115a 100% solid epoxy by ESP

As a result of the research petiomed by Alcoa Inc. and (Mc Ridge National Labs (CRNL),

new questions were raised:

1. Can lower cure times than those desigx~atedby the coating vendors be used without
compromistig their explosion protection?

2. Are the alternate coatings as protective when applied on corlcrete surfaces?
3. Can the injection of non-condensable gases into the water serve as an alternate to the use

of protective coatings?

A multi-step approach was developed com!b~tig the expertise developed at Alcoa and Oak
Ridge National Labs. The three coatings which emerged from the previous program, pkIs
WiseChem E-212-F, were chmactetid using Differential Scannhg Calorimetry, a ?v!odtiled
Steam Attack test, various Durability tech~liques, G& Ridge’s SETS equipment and the AT(2
Explosion 13tmker.

The limited testing progrm showed that aHthe coatings can prevent explosions in casting
pits, with acceptable adhesion perfomanc(~ at curing times below the original vendor
recommendations and much lower than Fu.UCure (168 hr.). This reduced cure time was
different for each coating. ‘HE Spomors are reminded to take into consideration the coating
location and pit cor~ditions that the coatig will be exposed to prior to deciding upon an hv-
Service time below FullCure. The figures, fo~owing this summary consolidates all the
results of this progra.rn in graphical form.

Unfofiunately, a control test could not be developed for molten metal explosion testing on
concrete containers. Durability testing did show that the adhesion performance of these
coatings, at the vendor’s recommended cure time, was similar to that of steel containers.

Although the use of Non-CondensfDle I&USInjection to prevtmt explosions was demonstrated
in the laboratory using CRNL’S appuatus, this success did not manifest itself in the Standard
Molten Metal Expkxsion Test. Further tivestigation of the dtiferences between the CRNL
SETS apparatus and the 50 lb. rnoken metal test maybe warranted.
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L Background

The casling of molten metal to produce ingot is one of the most common practices performed

in the MumtiuIm Industry. In this envkonment, there VW always be the risk of a sudden

-releaseof molten alumtium onto the casting quipment, pit walls or pit bottom, due to

process upsets. Since water is used as the main quenching media, during any molten metal

spill there is the potential for a molten alumtium-water explosion to occur. Data collected by

the Numtium .hsoctition [1] shows that belween 1980 and 1995, there were a total of 1190

incidents reported tidustry-wide, 423 (35.5%) occurred during casting operations. These

incidents resulted in 40 fatalities, of which IO (2570) occurred dtwhg casting o]?erations.

There is clearly a need to conttiue im~lrovtig the safety Ofalumtium casting operations.

During the period of 1995 August t~ough 1997 March, research contracted by the MumMum

Association on behalf of a group of sponsortig companies, identtiled three alternate coating

materials whicii would be an acceptable replacement for Porter Intemati.onal’s 7001 (Tarset

Stmdmd) [2]. Alcoa ident~~ed these coatings through a series of selection criteria kcludtig:

1) An hdustry-stmd=d molten metal explosion test, 2) A multiple-exp[jsure test to measure

durabihty, and :3)An external shock impact test. Sketches showing the equipment used at the

AK Explosion. Butier for these tests have been included in Attachment 1. The fiial three

coatings selected by the research team and the Sponsor Con~panies were:

1. Mertuf 132HS, a coal tar epoxy by Coufiaulds

2. Multi-Gmd 955CP, a 100% solids epoxy by Carboline

3. WiseChem E-115, a 100% solids epoxy by IN?

Two issues arose dufig this tivestigal.ion:

1. Given the kmg cure times rmomml~nded by the mar~ufacturer for the best coating

candidates, what is the effect of reduced cure or water immersion times on coating

adhesion amdtheir effectiveness in preventhg molten metatiwater explosions?

2. For the new coatings tested,, v&at is the smallest uncoated area cmthe pan bottom which

would still initiate an explosion?

ms.0331P 1



Folbwing the review of this work, two additionalissues were’forwamkxl

1. Ckk Ridge National Labs p-opowd an awm’-wetechnique topreventI’nokn ahmimmn i

water stem expkmkms via the injection d non-condensable gases. This technique needed

tobe ‘didated mil’ngthe estabkJ-wd 5’0lb drop test.

2 AMmgh au three of the akYrn.ateCxwlir,gsare mted for SWd and conmet.euse, none were

evah.mwd for expk.mien avoidance on mmxek? SUfacx%. Chdcl a WMfd and a serif%of

expklsicm tests be devised toevdwm this?

h mspome to the requestby the .q3m.sors d the previous cx.mtrac.t,A&9a fomulated a

pf.agrm to address the CJure ttie, ICOIXXWU3anti Non-condensable gas issues. A rndti-step

approach was developed. Alcoa. and vendor coating expertise was combined with research

rekmd ‘mstem expkMion ‘prevention at ChikRidge National Labs (CRNIL) ‘mdel’a

cooperative Res&31L7-c!hf%ndDevekqm-lem Agreement @XA.ulA) with me Aumtium

Association.

%$h~~klll ~-~ n~-~, Whkh hi?dkx3iillk$tt% h the ~Wi3US $tlld~, madh2Mbeen U$ed h

production over the nast 20 years, Wa$ alkw i.dwkd h the Chmactefization studies for

CC9mparison.

14&oa was a-warded contract No. 422 in Au.gu.stof 1998. ‘HI-RHX-KyM.niessponsorhg Ibis

research inchlded:

Akin-nhklrmtional

Akml h-m.

Ca.rboline Company

century A!ll.mimmn(33.

Coh.mbia Falls MUlmimmn

COmako Reseamh & Tedimnobgy

commonwealth Ahmimm

lE.s.P.,EKL

Kaiser Ahaminu.m& C1’-nemicd

Logan Aumtium

N3m.ndd, Ih&

Nor$k Hydm AM-nimmn

.A.P.IPednirney

SOuthwire, U(KL– NSA

VAW of America

WagStaff, Ux.
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H. Expetimentai Proedure

Thethree-part co]~tractwas further subdivided inseve~-aI tasl<sas shown irl Figurel. Tablel

shows the proposed test matrix for this program.

Effectof Cure TiI~

Concrete Scooing Tests--

Non-Condensable Gas Injection Demonstration:

Figure 1: Aluminum Association Contract No 422 Program Flow

ms.0331P 3



Tdilile 1: mo~osed Test Matrix h’ each E%wdse

Phase
mm?s of Tests

Effect of cm-e ‘Time:

LA = Develop ‘coating C1’Mracte’risticvs. I AT(2 up to 2’2 166
cure Time ckrves

LB = verification of selected cm-etimes at ORNL 8 48
I@&Ridge National Labs

I.C = Hydrodynamic Durability Tests ATC 8 M

H = Verification trials at the Explosion AT(2 3 60+5
Broker

111 = Durability Tests Am& 2 32- ATC
ORNL # - ORNL

Iv = Extended Tests 1 I 60+’.5

1. = Dwek)plent of i?!control tesl part for ATC. 1-1- tia
concrete surfiaces

H. = Explosion tests on control (uncoated) ATC 1 5X
pans X=1,2,3 or 4

111. = Durability tests on coated concrete ATC 1 20-5X
pans Pending

Phase 11

Em?d of deliberate
non-condensable gas iR@edmIl: I

L = Design and construction of test Dan.s 1 CRNL I I-1/a I da

H = Validation tests AK! 1* 5

# - CRNL would run multiple exposures until the shoddvibmfion spectrum indicates a 10ssof protection.
## - Four panels would be exposed simukaneously during one drop, for a total of four drops.

‘<- Refers to number of process conditions m k tested. Based on ORiTL recommendations.
:k* _ Ass~~es JX/ise~~e~ E-21 z-~ will be part of the eva~wktionmaWiX

+ - The vemior’s recommended cure time will be used.

ms.0331P



A. Eflect of Cwe ~me

All of the coatings tested under the Mumtium Association IContmct No. 343: Investigation of

Coatings w?zich Prevent MolteY3 Aluminuwflater Explosior~s, were evaluated for explosion

avoidance using as a mtimlJmI the r=ommended cure times as provided by the manufacturer.

(See Table 2.) The main issue among the Sponsor Companies involved the potential

reduction in casting productivity caused by these long cure times. Other issues included the

various definitions wed by the vendors, the methodology used to determine “cure times,” and

the effect of time on water Mmersion and coating adhesion.

Table 2: Cwe ~rimes ‘forthe Cmladate coatings

coat?EE ‘~z’” ‘“’’cure

Intertuf 132 I&S 6 hr. @ 75°F 72 hr. @ 7’7°1F 168 hr. @ 75°F 168 hr. @ 75°F—..
Multi-Gad 955C2? 8 hr. @ 75°F 8 hr. @ 75°F 168 hr. @ 75°~ 168 hr. @ 75*F

WiseChernE-115 6 hr. @ 77°F 12 hr. @ 70°1F 12 hr. @ 70”F 168 hr. @ 70°F

WiseChem B-212-F 6 hr. @ 77°F 16 hr. @ 70”IF 16 hr., @ 70°1? 168 hr. @ 70°F

Tarset Standard* 3 h-. @ 75 “F 72 hr. @ 75 T’ 166’hr. @ 75 “F 168 hr. @ 75 “F

*

**

#

Shownforcompmisononly. This coating is no longer available.

Each vendor deiined titim “in-service” time differently. For Intertuf and IvMti-Gard it was defined

as full cure, and for WiseCbem it was time to immersion.

Carboline’soriginal In-Service tie recommendation. This was Mer changed to 8 hr. in June of 2000
based on Ibis program.

The only way 10 insure that the proper reduced in service time is used for the various coatings

is by developing Cure Time vs. Explosibilit y data. As rtoted in Figure 1.,a four-phase

prograIMwas developed to measme the effect of reducing cure time.

Phase M = DeveloD CoatinP Charaetetistic vs. Cum Time Curies

Two analytical techniques, twically used in the coatings industry, were used to measure the

changes occurring in the selected coatings overtime. These techniques were:

ms.0331P 5



~ IDifferential Scanning Ghr%nm-y (DSC) — A technique which measures energy changes

in the coating as it is heated at various rates. This KQo]is Wed to predict Chemical rates of

reaction.. It k ahm the pI-inMu-ytool. that will be used to predict the coating’s CIH-ecycle.

Q Modified Steam Attack Test — A procedure used for evaluattig the adhesion of a coating.

Stem under pressure is blown over the coating m simulate the hot envtionment within

casting clperationso

The DS(2 kinetics analysis showed that cuing of these coatings appear to be governed by Pm

separate p-ocesses: 1. Drying, and 2. cross-linking (or cure). h d Gases, the Hildotherms

occurring chnringsdverrt evaporation doninatdl any exothems miking the. analysis nmre

difficult.

130rchardt and Dtids’ kinetic theory (B-D) was used as.a screening tool with corrections for

filer COntell[as detemined by Tk!mWGravime’tric AJx@i.& Table 3 shows ‘theresults of

the B-D kinetics analysis.

Tabk 3: Borehardt amd Datiels’ Kineti@~

WiseChem E-212-F

where -n = Hi%mimorder
E. = Activation energy
z = pre-exponentiall factor
AH = E&t of Rxwtion

The above hformation was t.ks.ed.to develop predictive Umversion Curves for the various

coatings. Note from above that the Wise.CheIHIE-1 M and the IMLM-Gard955CIPare fist

order reactions with very well ‘behavedkinetics. The higher order reactions measured on the

k-ma-m.f132HS and the vrise’C%emE-212-F make these more CMficull‘mpredict. )F@mM2

through 5 show the Conversion CMJes for the four coatings. These curves provide

information on how fast the various coatiigs cure at select temperatures.

~ Taken at $!iTMninuteheat-up rate.

KIS.0331P



The Modfled Steam Attack Test was ]]efiomed by the Cleantig and Coatings Group at ATC.

The coatings and panels were prepared foflowtig the same guidelties used in the first

program. In order to “pass” the Mod. Stem Attack Test, the panel musl undergo a five psi

meratxm P .L.KI%EK

Dsc Run Owe: K+&m-3SJ
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steam attack without deformation of the coating or other loss of adhesion.

results of the modfled steam. attack test.

TabIe 4: M@[fid stem Awack Test Rmults

Table 4 shows the

Tacky T&ky I I I I Stmrn I
Multi-Gmd 955CP Liquid/ Tacky =:= Failed
(wI additional data) Tacky Stem

== Indicates coating not tested at this cure time.
* The samples may have passed the steam test sooner.
** This sample failed at 6 hours (not shown). The.failure at $3hours is less severe than at 6.
*** Material was dry to the tm.wheven though it failed. the test.

Phw LB = Vedfieatiom d Selectd ewm! tima at O* ‘Rdge National Las

The DSC and Modified Sleam Attack data from Phase M p:rovided &formation for selecting

eight cure times to be ev~ualed by CM&Ridge Natiomi Labs on their Stem Explosion

Triggering Studies (SETS) equipment under the Cooperative Research anti Development

Agreement (CRDA). See Table 5. The CRIVLresults have been reported separately [3].

The Modfled Steam Attack ‘Testsprovided the basis for the upper hound of cure times

selected. The lowest cure times were based on typical casting pit tumaound times once

coated, and the time-to-touch as defined by the manufacturers.

ms.0331P 9



Attachment II contains a table which CxMmpares the cm-e ‘times sekcted above with the amoumt

(%?)of curing as p%Mictedby the conversion CkJ1l-ws.

Phwe I.c = Hydrodvnatic Durabitin Tests

Stiultaneously with “CmJwL’,ATC perfm?ned hydrod~amic durability tests atits resemdl

casting -@. ‘-rest pands VvT2reprepared and exposed tothe Crestingwaterenvkonment by

placing them on the jpkmxiof AT’C’S.P?dvi?mced Development casting Pit during a Cast. The

testwas designed toevahm the effect of direct water tiptigement on awing acH’Esim at
the various cure times. Panels were cham.cterized pre- and post-exposure to detemi.ne

differences.

coated panels with. a targetail% time were pkxd WKk!meatklthe botm-n bkxk on the Ixmli-n

Mock base, commonly Creed !d’Ile“dog-hum%” of ATc’s Research casting P% [4]. For the

test, 8 X 16 inch “V’-Sha~ed StW] ~~ek VVeI%U$ed, one Goating per side. me ~t3.12e!ifOhW3d

the Zmk?gree angle of dog hotlse. The panels were expmed to the casting pit envtionment,

ik?k?dwh-lg direct tipkgement d water from. the mold after Cd.ing the ingot, for full length

(180 in.) casts. water flow raw Ih9m the mold were approxtiately

shows the’pad phmmnt.

steel panels

n.3 gptitim Figure 6

Figure 6: E3ydrdyn@c

After the cast the panels were graded as: 1) pass,

coating adherence tothe panel. Table 6 mm.ilm

Tests.

Durability Test set-up

2) fail w- 3) borderline bawd upon the

the results of the Hydrodpamic Durability

rns.o%lH?



Cme time Passflai@orderline

(b) -
2 B

2.5 B
3 B

Cure time PaSs@a~WOF~eFline

_!@Q___ _
3 F

3.5 F

6 B

8 1!
12 P
16 P
20 P
22 p’

Cme time Pass@aimorderline
(h)——

2 F

3 “B
3.5 F/%
T’ F(!ZB
: E?

10 P
12 P

(k)——
3 F

3.5 l?
6 F

—.—

8 P
12 1?
20 1?
24 1?
’28 F’
32. l.?

P’= Pass

B = Borderline
F = Fail
F&B = Two tests, each different result.
R% = Most of the panel was borderke except for small sections which failed.

Attachment I contains select pictures of the panels after exposure to the casting environment.

Shown are samples of the pms/faiVborderhne ranking system used by Alcoa-
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Phme In= Vefincatiom Trials at the Amc Explotion Bunker

~M’s SETS test M%ldt$ were cmnbtied with the i?).kma H3$llk from ~haSeS h%. and ].~ K)

help idmtify CImAlmes to “k K%ted in Phase 11. AkXM’s god ‘d-m@ mi%e tests was to

Ikkrl[ify the IOwesl h-service cure time for each coaling. A passlfail ckcisim tlve was

established for exph%m testiing of the coatings at different cure times. (Figures 7a and 7%

show the passmd m% for N!iMi-ck?.rd 9.55 CT and Wiwmem E-115 irespectivdy.) under _m.is

concept, “Pass” was defied as being protective against exphmimns for a.n five repeat tests at

the same cm-e timle.

r-----i ,W

i ,

a. Multi-G&d 95543P

I I

lb.Wisechem E-115

lF@m 7; IDc%%%ikmT’me for selection offIh’u=’selrviia?mimes
for MQItemAlutinumater Explosion m-ids

The k)west (a.Me time of each decision D.’ee.cor=mspcmdedto the minim.m mire time at which

the coatings passed the Hydlrodylamk Durability Test. ‘-m@i.n-se%-viwtimes noted ill the bold

boxes demote the results fiwfn the SETS trials al CM3NIL.They represent the rninimm cure

tine MxXkd in order ‘@avoid explosive triggering shocks.

Pending results from OR.NL’SPhaf%II!, A.koa ‘performed exphsion tests on Intertl.lf 132HS

and WiseChern E-212-F. The stating point was sekcted as the mhimum in-service time at

which the individual coatings would pass the Hydrodpamic Durability Test. Table 7

summarizes the results fir dn fou.uccoatings.

nls.0331P



‘Ta’:’%’’’””ofEhtetiuf 132HS 8 0 outof 5
20 0 Out of .5

Multi=Gwd 955CP 14 0 out of 5
8 0 out of5
10 0 out of 5

WiseChem E-NH 8 0 out of .5
6 0 out of .5

Wisechem E-212-F 10 0 out of 5

PhM m =DUY~bitiWTESS

Multiple molten alumtium. exposures to a coated, submel-ged substrate was the primary

method of measuring durability. Based on previous Sponsor Company comments, the

coatings were characterized between tests. Ehrface condition and coaling thickness were two

of the main criteria used to evaluate the coatings after repeated exposure to molten. aluminum.

Alcoa performed some prefimtimy molten metal durability tests at the lowest in-service time

tested in the previous phase for each of the candidate coatings. Table 8 shows the results of

the tests.

C=F ‘:::::::’‘:N=:~:S~EMxx-tuf 132 EN 8 hr. 2 3
Multi-Gmd 955 m? 8 hr- 2 4“
WiseChemE-115 6 br_ 5 3
VViseCllemE-212-F 10 hr. 3 4—

* These results were obtained during the previous contract work and have been. included for
comparison purposes.

Following thess tests, the Sponsor Companies approved. a rnodii3cation to the goals of Phase

111and IV. C@inally it was planned to identify a single short cure time for each coating

which would have good adhesion characteristics and have good results in the durability

ms.0331P 13



expkmkm $em, ChmJewxtie revised program was targeted at identifying two different. short

am-e times:

a9@ive 1.

ajim%)f? .2.

what is ‘theI’ninimm-nin-service cure timeN3@.redmminimize‘mepotential
of !mlOkmmew’wmx eq9kEk9msAND provide durability?

what is the absolute I.-ninimwmin-service cm-e timeTreqtliredwhich redwx%
the risk of nnontenmetaYwater Ev@oskms, taking into accountdirect and
indirect !castkg water attack? lhnpks that, in a.production envkonment, the
OcMiingMUST ‘beI’exmlmxlif m lqmet (mKMon (i.e., a molten metal spinl)
Vimulk’iWxur.

Durability kxxing (xmimed until m-nin-service cum timewas fomd. where the coating
SW’’vived two or more tests. The results of this phase am shown in Table 9.

?ramile 9- Mdtem Metal Dwrabiuty Test ‘Reslmis

COatirmg ‘-RestNMmber at ‘
)

which Failed

Multi-Gwd 955 Eiq 8hr.
IvMtiewd 955 (3P 12 hr. 3
WiseC.hen-IE-115 2hro \ 2 ,

4 hr.
Wisec-km E-l 15 6 hr. 5

; WisechemE-212-F 3hr. 2—i
wise~hennE-212-F 6 hr. 6
WiseC.hern.E-212-F 10 hr. 3

1

\

Ph%e w = Extended Tests

h this phase, 15 standard molten aluimtiudwater expkxsim tests were performed on all four
matingsatthe one how- CnLM’etime.The extended tests provide additional statistical Conficknfx

that explosions may be prevented at this d-ml--tcmretime. In addressing objective 2, one hour

was selected as the cure. time for& standard explosion. test jperfomed on each coating.

“Pass” was defied as ‘beingprotective against explosions for all repeat tests at the same cure

time.
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AH coatings completed this Iesting succe.ssful]y with no explosion occurring in any of tests as

shown in Table 1(0.

Tabk 10- Results of Extended Tests
(AUTests performed at1 hr. Cum Time)

:.::~
‘Mulukd 955 (2P Oout of 15
WiseChern E-115 o out of 15
WiseChem E-212-I? o out of 15
Control (m-coated) 6 out of6

B. Concrete ~eoo~ng Tests

During the review meetings between the Alcoa Research Team, the Aluminum Association

and the Sponsoring Companies, the issue of explosion avoidance on coated concrete surfaces

was discussed. Although all three of the akemate coatings are recommended by the

manufacturers for use on both steel. and concrete substrates, only steel pans were evaluated

during the previous project.

There were several issues to consider:

~ The industry does not have a standardized method for testing concrete containers.

* Historical data by Hess and 13rondyke was inconclusive regarding tests with concrete

substrates. ‘here were a very limited number of tests performed.

~ The controls used in the previous program are based ofi our ability to obtain an explosion

when the pans are specifically prepared to do so.

* A procedure would have 10be devised so that tests on uncoated cement would result in an

explosion.

The fiist task under this project was to survey select Sponsors to determine the various

concrete specifications used by each company. Specifications were obtained from Alcoa Inc.,

Hydro Aluminum, Pechiney and Reynolds Metals.

In general, most specifications for cast-in-place concrete am based on minimum design

strengths ranging from 3,000”to 4,000 psi., referring to the appropriate location Building

Codes along with American Concrete Institule (A.CI)and American Society for Testing
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Materials (ASTM) standards. Tkse standards provide for guidelines k use ofcement,

additives, aggregate (sand/gravel) and water in the Mx. In addition, standards were provided

for surface flatness and preparation.

With this information, ATC designed the test containers to be evaluated. The Alcoa

containers have an inside dimension similar to the one used in the previous program on steel

(i.e., 12x 12x 12 inch as cast), with six in. Ihick walk all around. [See Figure 8.) This

contigtlration was selected to meet the strength criteria and essentially simulate the

construction of a casting pit. The containers were designed to 3,500 psi. The ihst two

containers Alma tested were in the as-cast condition (rough swface, with isolated pores).

(a) (b)

Figure 8: Alcoa Concrete Pam

(a) Pan shown after exposure to molten metal ‘VVallsare six in. thick (b) Pan afkr removal

of the frozen metal. Note attack on the bottom of the container.

During the program, Alcoa performed an assortment of tests with the concrete pans to find an

appropriate control. Figure 9 shows a photograph of the ATC Explosion Bunker with the

concrete container in place.
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Figure 9: Alcotk9s Explosion Bunker Test fMe

Following are the results from the various tests pertormed at A.TC:

Tests run with 3,500 Psi stremzth concrt&

~ With thin, rough cement coating~ Oexplosions out of 3 tests

* As above, chipped to show aggregate Oexplosions out of 1 test

* Cement coated, with 1 inch water Oexplosions out of 1.test

* As cast Oexplosions out of 1.test

2‘rWOtests ran with metal below 140W’F
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Tests run with cold water following ORNL’s SETS discoverv:

@ stone polished~ 1 explosion out of 2 tests

Tests run with ORNL recipe for high stumzth concrete:

~ Ascast~ Oexplosions out of 2 tests

* Sand-blasted3 Oexplosions out of 2 tests

Since no control couki be established, the Research Team discontinued searching for a

control. The Sponsors agreed to use the Durability Test method to measure coating

degradation and adhesion, following Hess’ example [5, 6].

The following procedures were followed:

1.

2.

3.

4.

5.

6.

The standard .50b. melt drop test (including S 50”F water) was performed on the

original concrete containers. These were the containers using a concrete specification

for an average casting pit.

Surface preparation included whip-blasting the surface, patching or butterhg any

holes in the surface, and a final whip-blast prior to coating.

One container was prepared for each of the four coatings.

We used the current set of “in-service” cure times recommended by the manufacturer.

After each test we performed a visual check of the container and documented adhesion

and bare spot issues.

Three tests were performed per container.

Following are a series of photographs showing the concrete pans before and after three

exposures to molten metal Erosion of the coating was noted after every exposure to molten

metal The amount of erosion varied with each coating.

3< 4YF water.
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After Three Exposwn-esto Molten Metal

Intertuf 132 EN observations:

There was no loss of adhesion in any partof the container. There were several areas on the bottom and

sides where the coating was eroded (note lighter areas in photo above), but not to bare concrete.

Multi-Gard 955CP observations:

There was several ardas with loss of adhesion, only on the bottom of the container (note non-coated areas

in photo above). Individual spots were less than one inz in area.
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Before Molten Metal Exposure

WiseChern E-115 observations:

There was no loss of adhesion in any part of the container (the coating MS in the upper and lower area

noted in the righl photo was caused during removal of Ihe aluminum from the previous test). There were

no areas on the bottom amdsides where the coating eroded to bare concrete.

WiseChem E-212-F observations:

There was no 10ssof adhesion in any part of the container. There were several areas cm the bottom and

sides where the coating was eroded (note lighter areas in phoio above), but not @ bare concrete. ‘Ilk

coa~ing tends to expand when heated by the molten metal. Material erosion occurs; therefore, in layers.

The top layer erodes or was removed with the aluminum from the previous test. Note the charred dark

areas VS-the lighter coated ones.
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C. Non-Condensable Gas kiection Demonstration

As a result of extensive testing conducted at CIR.NL,evidence evolved which indicates that the

injection of nomcondensable gases (such as air) through a porous plate (over which molten

metal is relocating) should provide for a very effective suppressant of steam explosions. This

evidence has been derived via:

1. Actual testing with molten metal-water combinations in which molten metal (in small

scale) when dropped in water would explode without air injection, but would be inert

to explosions when air bubbles were injected through a porous plate.

2- SETS facility tests wherein air injection through a porous plate gives explosive boiling

shock spectrum very similar to Ihat obtained with surfaces coated with paints such as

WiseChern, etc.

3. Tests with pyrolysis of paints which indicate that coatings which provide suppression

release significant amounts of mm-condensable gases upon thermal attack.

In order to confirm this hypothesis and validate the novel technique for prevention of

explosions in the aluminum industry casting pits, Alcoa Inc. proposed that explosion tests be

conducted at AK. ORNL wotdd design and fabricate Ihe pans with a simple gas injection

system and suitable instrumentation. ATC would be responsible for conducting tlve Standard

Explosibility tests.

ATC prepared eight-inch dimneter perforated pkites in pre-oxidized condition. Two hole

patterns were tested by ORNL, 0.5 mm perforations in a % inch and in a one inch square

pattern. Based OH(M Ridge’s recommendation, ATC buil! five 12x 12x 12 pans with 0.5

mm perforations in a one-inch square pattern. These were modified by ORNL into three

COSItahrtypes as seen in Figure I ().
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a. Perforated, but capped b. Bottom only

I?NcnInjection

c. Bottom & sick
Tim Injection

Figure 10: oak R&&e National Lab’s Nom-condemsible (%4$Injection ‘Rest E%ms

Two testswere performed:

1. Type C Pan, Set-up at similar gas flow to SETS 2.9 cfm on sides, 3.5 cfm on bottom

2. Type B Pan, Set-up at minimum flow which provided bubbling action ( 1.4 cfm)

Both of these tests resulted in exphkm. No further tests were scheduled after these results.

This report k intended simply to .wmmarize data obtained through a limited testing program

conducted by Alcoa Inc. under financial sponsorship of the Aluminum Association. It is

important to understand thai these tests may not represent conditions in all aluminum casting

pits. Therefore, the explosion avoidance results from this program do not guarantee that the

same results will occur under production casting conditions.

Based on the results obtained from lhis focused program, we provide the following

conclusions:

o Differential Scanning Calorimetry was used to predict the curing cycle of these coatings.

The initial intent was to use these DSC Conversion Curves to select curing times where

physical changes were detected. The analysis showed that all of the coatings have smooth

curing cycles so this method could not be used to make sekxlions.

~ AH four coatings survived the Modified Steam Attack at times less than the vendor

recommended In Service cure time. Akhough this provides a screening tool for the cLwe

times, it cannot predic~ performance in the casting pit.
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@ Under the conditions tested, all four coatings can withstand direct water impingement at

times less than the vendor recommended In Service cure time. This minimum cure time

will be different for each coat~ng and will also depend upon the exact pit operating

conditions.

@ All coatings can be washed away at short enough cure times. Because of this, it will be

critical to take into consideration the coating location and pit conditions that the coating

will be exposed to prior to deciding upon a minimum cure time for each coating.

* Based upon the explosion durability tests at In Service cure times less than vendor

recommended, all four coatings produced results comparable to the durability tests at full

cure times. The minimum cure time to provide similar results was different for each

coating.

~ Using the industry standard explosion test, no explosions occurred with any of the four

coatings at cure times below full cure even down to one hour of curing. AH coatings

avoided an explosion in every one of ihe 15 tests performed with one hour curing.

~ All four coatings achieved acceptable explosion durability at less than 40% curing as

predicted by the DSC Conversion Curves.

* A control test could not be developed for molten metal explosion testing of concrete

containers. This is consistent with previous Alcoa Inc. work which showed that

explosions were possible, but not predictable.

@ Although the use of Non-Condensable Gas Injection to prevent explosions was

demonstrated in the laboratory using ORNL’s apparatus, this success did not manifest

itself in the Standard Molten Metal Explosion Test. Further investigation of the

differences between the ORNL SETS apparatus and the 50 lb. molten metal test maybe

warranted.
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ATTACHMENT 1

HYDRODYNAMIC DUMBILITY TEST - SAMPLE PANELS

Examples of “Faii” - Coating eroded completely to
bare steel or extremely thin coating k% behind.

JWiseChern E-115-&d E-~~~F - Note how–material
tore off cmright panei instead of eroding.

ms.0331P

Examples of “Fail - to - Ekmkrhne” - Erosion
noted in the plane of the water fall only.

1

1

FmTs of wass’> - coating remains intact or just
~slightIy pushed, 1



ATTACHMENT 11

PmsE IA cum TmE SELECTIONS WITH CONVERSION PWDICTIONS:
.—

COATING

Intetiuf132 Hs cure time 2 3 6 8 20 24 28 32

Pred. $% 3 5 9 13 28 33 36 4-2
conversion

Multi-Gmd 955CP C1.lretime 2 3 6 8 12 16 20 22

Red, % 11 1’7 32 39 53 63 71 75
conversion

Wisechem E-115 cum! time 2 3 6 /3 10

Pred. 5?0 24 36 58 68 76
conversion

Wisecbem E-2 12-F a.me time 2 3 6 8 10 12 14

Red. 70 3 48 55 58
conversion
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